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  Abstract. A nanoparticles composite with phase change material (paraffin wax) was prepared using alumina (Al2O3) as a 
surfactant to improve the dispersion of the Al2O3 nanoparticles with (0.5, 1, 3, 5) wt. % in paraffin wax with an Al2O3. To 
evaluate the efficiency of the prepared Phase Change Material (PCMs), the effective thermal conductivity values in the 
liquid state at a temperature of 60 ⁰C. The heat storage behavior of the samples was investigated and their melting 
temperature, latent heat, and thermal reliability were determined. The results showed that the effective thermal 
conductivity enhancement ratios were 1.5 %, 3 %, 9 % and 15 % for the samples of 0.5 wt. %, 1 wt. %, 3 wt. % and 5 wt. 
%, respectively. In addition, the dynamic viscosity of the paraffin wax increases excessively with increasing the 
concentration nanoparticles with paraffin wax. Thus, the results indicate that there is an acceptable dispersion for Al2O3 
nanoparticles in paraffin wax in concentration by 1 wt. %.  

Keywords. Paraffin Wax, Alumina (Al2O3), Thermo-physical properties, Thermal storage. 

 INTRODUCTION 

Although Phase Change Material (PCMs) PCMs have been widely used on the thermal energy storage in many 
applications for the following reasons; the chemical and thermal properties are stable, high latent heat storage 
capacity, low cost, available, non-toxic, non-corroded, non-harmful to the environment, change volume is small and 
super-cooling is little. On the other hand, the thermal conductivity of PCMs leads to low heat transfer rate as well as 
increases the melting and solidification time [1-2]. The heat transfer rate is an important factor for evaluating the 
performance of thermal energy storage system, and the enhancement of the thermal conductivity is considered as an 
effective method to improve thermal energy storage system [3]. The high thermal conductivity is an important 
property of materials utilized for thermal energy storage. Therefore, several types of metals such as nanoparticles are 
added to improve the thermal conductivity of thermal energy storage materials [4].The adding of nanoparticles to 
latent thermal energy storage materials leads to enhancing the thermal conductivity and achieves a good thermal 
performance of energy storage systems [5]. 

 
The development in materials properties by utilized nanotechnology in latent energy storage leads to a great 

opportunity to be used in several industrial and engineering applications such as ; communication engineering 
system, fields of electronics industries, boiler for power plant and building heating system etc. [6].The enhanced 
thermo-physical properties of paraffin wax effected by numbers of parameters such as nanoparticles concentration, 
nanoparticles shape, nanoparticles size and method of preparation. The nanoparticles concentration is considered the 
major parameter that has the most influence and direct relationship to improvement the thermal conductivity[7]. 
There are many of recent studies fussing on how enhance the thermo-physical properties of the paraffin wax. The 
aim of the present study is to increase the thermal conductivity and the dynamic viscosity of the paraffin wax by 
utilizing Alumina (Al2O3) Nanoparticles. Table  1 illustrate brief previous studies showing the effect of adding 
nanoparticles to paraffin wax in solar systems.  
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TABLE 1. Summary for the previous studies showing the effect of adding nanoparticles to paraffin wax 
Author Year Type of 

nanoparticles 
Size of 

nanoparticles 
wt. % Result 

Shaikhc et 
al. [8] 2008 SWCNTs, 

MWCNTs, 
CNFs 

1 nm 

10 nm 

100 nm 

0.1-1  Improvement the latent thermal energy of the paraffin 
wax by 13 % when add nanoparticle of type 

SWCNTs at the mass fraction 1 %. 

Mahmud 
et al. [9] 

2009 Al2O3 80 μm 5 The performance  of the solar system enhanced by 
adding the Al2O3 to paraffin wax. So that at the took 
a discharge time 3.5 h and 8 h at the mass flow rate 

of 0.19 kg/s and 0.05 kg/s, respectively. 

Alkilani et 
al. [10] 

2011 Al2O3 70 μm 5 The storage efficiency attained the maximum value 
71.9 % for pure paraffin wax and 77.18 % when add 

the nanoparticles to paraffin wax. 

Teng and 
Chieh Yu 

[11] 

2012 Al2O3, TiO2, 

SiO2, ZnO 

20-30 nm 1.2, 3 By adding TiO2 nanoparticles to PCM gives a better 
performance than the other nanoparticles in the 

improvement of the heat conduction. In addition, 
TiO2 decreases the start of melting temperature and 
increases the start of freezing temperature of PCM.  

Dhaidan et 
al.  [12]   

2013 CuO 9 nm 1, 3, 5 The addition of CuO nanoparticles to paraffin wax 
leads to enhancing the thermal conductivity of 

paraffin wax and increasing the heat transfer rate. In 
addition, the increasing concentration of 

nanoparticles results in increasing viscosity, 
agglomeration and precipitation of the composite. 

Dhaidan et 
al.  [13] 

2013 CuO 9 nm 1, 3, 5 The addition of the CuO nanoparticles with paraffin 
wax resulted in improvement of melting 

characteristics as well as an increase in the thermal 
conductivity. Therefore, the properties of compound 

decreased by increasing the concentration 
nanoparticles due to increase viscosity, 

agglomeration and precipitation. 

Pise et al. 
[14] 

2013 Al2O3 20 nm 1, 3, 5 The suspend of nanoparticles with paraffin wax 
increases the heat transfer rate, thermal energy 

charging rate and  heat release rate compared with the 
pure  paraffin wax. 

Wang et 
al. [15] 

2014 TiO2 20 nm 0.3, 
0.5, 
0.7, 

0.9, 1, 
3, 5, 7 

They found that the mass fraction 1 wt. % or less 
which results in latent thermal capacity increases and 

decreases the phase change temperature. The mass 
fraction of 3wt. % or more results in the latent 

thermal capacity decreases and increases the phase 
change temperature. 

Chaichan 
and 

Kazem 
[16] 

2015 Al2O3 45 μm 1 They found that the addition of Al2O3 nanoparticles 
to paraffin wax improving thermal conductivity as 

well as increases productivity and time of distillation. 

Baydaa J. 
Nabhan 

[17] 

2015 TiO2 10 nm 1, 3, 5 At the mass fraction 5wt. % the thermal conductivity 
increases by around 10 % with increasing 

temperature 15 °C. 

Chaichan 
et al. [18] 

2015 Al2O3, 

TiO2 

30-60 nm 

20-50 nm 

1, 2, 
3, 4, 5 

The thermal conductivity of paraffin wax increased 
when addition the nanoparticles by 65 % and 40 % at 
mass fraction 5 % for Al2O3 and TiO2, respectively. 
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Author Year Type of 
nanoparticles 

Size of 
nanoparticles 

wt. % Result 

Mohamed 
et al. [19] 

2017 α-Al2O3 2-4 nm 0.5, 1,   
2 

The α-Al2O3 nanoparticles additive to paraffin wax 
leads to enhancement in the latent heat and thermal 

conductivity by 2 % with the highest effect at 50 °C. 

Chaichan 
et al. [20] 

2017 Al2O3 30-60 nm 1.2, 3 The thermal conductivity of paraffin wax was 
enhanced by 18 %, 21 %, and 30 % at the mass 

fraction 1 %, 2 % and 3 %, respectively. 

Tarish and 

Alwan 
[21] 

2017 CuO 70 μm 10 The thermal storage rate of the CuO nanoparticles 
with paraffin wax is increased by 30.7 % compared 

with pure  paraffin wax. 

 

Saeed et 
al. [22] 

2017 Fe3O4 16.6-30.1 nm 1, 5, 
10 

Enhancement of the activation energy and latent heat 
for the paraffin wax after addition of Fe3O4 

nanoparticles compared with pure  paraffin wax. But 
the range of melting temperature stay the same and 

unaffected. 

Qian et al. 
[23] 

2018 Na2SiO3 - 5 The thermal conductivity increasing by 60 % as well 
as enhancement of the thermal storage efficiency 

when adding Na2SiO3 nanoparticles to paraffin wax. 

Purohit et 
al. [24] 

2018 CuO 5-17 nm 1, 2, 
3, 4, 5 

Increasing the concentration of CuO nanoparticles 
increases both the latent heat and melting temperature 
even for mass fraction of 2 %. On the other hand, the 
latent heat and melting temperature were decreased at 

the mass fraction higher than 2 %. 

Shalaby et 
al. [25] 

2018 α-Al2O3 71.5 nm 3 The α-Al2O3 nanoparticles with a concentration 3 % 
increase the thermal conductivity by 18.6 %, and also 

increasing the thermal effusively by 28.2 %. 

METHODOLOGY 

Paraffin Wax 

Phase change material storage is one of sensible material storage used in low temperature storage applications 
due to its isothermal storing mechanism and high density of storage. Paraffin wax frequently utilized as PCM in 
many thermal energy storage systems because it melt at fixed temperature, unreactive, inexpensive and available. 
The PCM used in the current study is Iraqi paraffin wax as shown in Figure 1. The thermo-physical properties of 
paraffin wax used in the experiments indicates in Table 2. 

 
 
 
 
 
 
 
 
                                         
 
 
 
                                  FIGURE 1.   Thermal energy storage material (paraffin wax) 
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TABLE 2. Thermo-physical properties of paraffin wax 

Property Value 

Latent Heat 176 KJ/kg 

Thermal Conductivity 0.21 W/m K 

Specific Heat Capacity 2.871 KJ/kg K 

Melting Temperature 60 ºC 

Freezing Temperature 55 ºC 

Liquid Density 770 kg/ m3 

Solid Density 850 kg/ m3 

Dynamic viscosity 0.03499 KJ/m.s 

 

Nanoparticles (AL2O3) 

Al2O3 nanoparticles were purchased in the form of powder by the manufacturer and stored in a clean and dry 
container. Although the paraffin wax have been widely used for the thermal energy storage in applications of solar 
systems, but the High thermal resistance for heat transfer among the surface and wax due to the low thermal 
conductivity. It lead to may not melt a whole of the PCM. To overcome this issue and gets good condition for the 
PCM, the paraffin wax was mixed with nanoparticles. Alumina Al2O3 nanoparticles are stable at a wide temperature 
range and has high thermal conductivity [26]. Thus it is used as thermal conductivity enhancer.  

 
Generally, Al2O3 nanoparticles have many interesting properties, such as high solidity, stability, good insulation, 

and transparency. [27]. Al2O3 nanoparticles widely used in many application for example catalysts, sensor, 
semiconductors, industry and biomedical field [28]. The thermo-physical properties of Al2O3 nanoparticles are 
presented in Table 3.  
 

TABLE 3. Thermo-physical properties of Al2O3 nanoparticles 

Property Value 

Color White 

Morphology Spherical 

Purity 99 % (trace metals basis) 

Average Particle Size (APS) 40 nm 

SSA 60 m2 /g 

Thermal Conductivity 40 W/m K 

Specific Heat Capacity 765 J/kg K 

Density 3970 kg/m3 

Thermal Diffusivity 1.31×10-5 m2/s 
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Preparation Composites of Paraffin Wax With AL2O3 

The paraffin wax was bought from Al-Dora refinery Baghdad- Iraq as mentioned earlier, and the Al2O3 
nanoparticles were purchased in the form of powder by the manufacturer and stored in a clean and dry container. 
Phases of composite preparation (Nanoparticles with PCM) and calculate its thermo-physical properties as shown in 
Figure 2. 

 

 
 

FIGURE 2. Phases of mixture preparation (Al2O3 with paraffin wax) and calculate its thermo-physical properties 

 
The mass fraction ( ) of nanoparticles was calculated by the following equation [29]: 

. .

100%np np

np np p w p w

mass

mass mass
 (1) 

Two steps were performed to prepare the mixture of paraffin wax and nanoparticles Al2O3 with mass 
friction by (0.5, 1, 3, 5) wt. %. Paraffin wax was molten at 60 ˚C and the nanoparticles was dispersed directly in180 
flasks capacity 100 ml and closed by a PVC cap. The ultrasonic water bath utilized Elmasonic P180H type has tank 
with capacity 18 liters. The flask was mounted to the stainless steel basket inside the ultrasonic water bath. The tank 
was filled with distilled water above the level of mixture in the flask about 3 cm as shown in Figure. Then, the degas 
mode is watched on to remove the air from the mixture. Then, the flask is closed by the cap and oscillated 
continuously for 2 hours in the ultrasonic path water with working at frequency 37 kHz and power efficiency of 
100% at 70 °C, until Al2O3 nanoparticles are uniformly suspended in paraffin wax. The same preparation conditions 
were applied to produce all the samples as shown in figure 4.  
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FIGURE 3.   Suspension of Al2O3 in paraffin wax by 
ultrasonic water bath (Elmasonic P180H) 

FIGURE 4. View of the pure paraffin wax and Al2O3 
nanoparticle suspended in paraffin wax with concentration 

(0.5, 1, 3, 5) wt. % 

Thermo-Physical Properties of Composite 

In this section the thermo physical properties of the composite were discussed to define the heat transfer 
coefficient of the composite. The distribution of the nanoparticles in the paraffin wax influence on the thermo 
physical properties of the composite (mixture) such as thermal conductivity, density, specific heat capacity and 
viscosity. 

Thermal Conductivity of Composite 
 

The composite with low mass fraction of nanoparticles suspension in the PCM gives stability for longer period of 
time than the composite with high mass fraction. The thermal conductivity of the composite depend on the thermal 
conductivities of constituents, the concentration of nanoparticles and disperd, Maxwell’s equation is adopted 
evaluating the effective thermal conductivity of composite, as given by this equation [29]. 

. .
.

. .

2 2 ( )
2 ( )

np p w np p w
comp p w

np p w np p w

k k k k
k k

k k k k
 (2) 

Density of Composite 

The composite density is influenced by the concentration ratio op nanoparticles and the type of fluid (PCM) when 
the size and shape of the nanoparticles don’t effect the density of composite. The density equation written as flowing 
[30]. 

.(1 )  comp p w np  (3) 

Specific Heat Capacity of Composite 

The specific heat capacity of the composite depends on the concentration ratio of nanoparticles, the density of the 
composite and the heat capacity of composite components. The specific heat capacity equation is given by the 
following [30]. 

5wt.% 53wt.% 3w1wt.% 10.5wt.% 00wt.% 
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.(1 )( ) ( )
comp

p p w p np
p

comp

C C
C  (4) 

Viscosity of Composite 

The viscosity is the one of the important parameters in the fluid mechanics applications and described the internal 
resistance of fluid during flow proses. The heat transfer coefficient and thermal conductivity effect by viscosity in 
the thermal system. The viscosity of the composite effect by the viscosity of base fluid (PCM) and concentration 
ratio of nanoparticles. The shape and size of nanoparticles affect the viscosity of the composite. In this study, 
Brinkman equation [31] to compute the viscosity of the composite was adopted. It is an equation used to calculate 
the viscosity of the composite containing suspensions of small spherical particles as following. 

.
2.5(1 )

p w
comp  (5) 

 

Field Emission Scanning Electron Microscopy (FESEM) 

The Field Emission Ecanning Electron Microscope (FESEM) was conducted for samples of Al2O3 nanoparticles 
and paraffin wax with different concentrations in the microscopy electron unit, University Kebangsaan Malaysia 
(UKM). FESEM device is a microscope that works by electrons instead of light; these electrons are liberated by a 
field emission source.  

RESULTS AND DISCUSSION 

Phase change enthalpy, melting temperature and thermal properties stability are important factors in paraffin wax 
which affect their efficiency when used in thermal energy storage systems. In this study, Al2O3 nanoparticles and 
paraffin wax were weighed to prepare the samples with different concentrations of (0.5, 1, 3, 5) wt. %. Figure  5 
shows image of FESEM for the samples of Al2O3 nanoparticles suspension with paraffin wax. The figures indicates 
that the mixture of Al2O3 nanoparticles with paraffin wax has non porous structure. Also, the figures shows that there 
is an acceptable dispersion of Al2O3 nanoparticles in paraffin wax in concentration by 1 wt. %.  

 

  
(a) concentration nanoparticles with paraffin wax by 

0.5 wt. % 
(b) concentration nanoparticles with paraffin wax by 

1 wt. % 

020007-7



  
(c) concentration nanoparticles with paraffin wax by 

3 wt. % 
(d) concentration nanoparticles with paraffin wax by 

5 wt. % 

FIGURE 5. FESEM image with different concentrations of Al2O3 nanoparticles with paraffin wax 

 

The effect of different concentration of nanoparticles suspended in paraffin wax on the thermal conductivity of 
the paraffin wax is outlined in Fig. 6. From the figure, it is clearly seen that the thermal conductivity of the paraffin 
wax increasing with increasing concentration of nanoparticles. Where the effective thermal conductivity 
enhancement ratios were 1.5 %, 3 %, 9 % and 15 % for the samples of 0.5 wt. %, 1 wt. %, 3 wt. % and 5 wt. %, 
respectively. However, nanoparticles can't be added excessively to paraffin wax because this increases the dynamic 
viscosity of paraffin wax as shown the figure 7. Finally, Figure 8, illustrate that the proposed composite in present 
study achieved high thermal conductivity compared to previous studies that are reported in the literature. , it is the 
most important motivation of the present study. 

  
FIGURE 6.   Thermal conductivity during the 

concentration variation for the paraffin wax and alumina 
composites 

FIGURE 7.  Dynamic viscosity during the concentration 
variation for the paraffin wax and alumina composites 
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FIGURE 8.   Comparison of the thermal conductivity in present study with other studies  

CONCLUSION 

In this study, Al2O3 nanoparticles were employed to enhance the thermal performance of paraffin wax. A series 
of stable and homogenous paraffin wax with Al2O3 nanoparticles (0.5, 1, 3, 5) wt. % to study their thermal behavior. 
The results showed that the effective thermal conductivity of the composites prepared increased by increasing Al2O3 
nanoparticles concentration. The highest effective thermal conductivity enhancement ratio was attributed to the 
nanoparticles composite containing 5 wt. % Al2O3 nanoparticles at 60 °C. On the other hand, the dynamic viscosity 
of the paraffin wax increases excessively with increasing the concentration nanoparticles with paraffin wax. Also, the 
results indicate that there is an acceptable dispersion for Al2O3 nanoparticles in paraffin wax in concentration by 1 
wt. %. 

 

NOMENCLATURE 

  Mass fraction of nanoparticle (%) 

npmass  Weight of nanoparticles 

.p wmass  Weight of paraffin wax 

np   Density of nanoparticles (kg/m3) 

.p w   Density of and paraffin wax (kg/m3) 

comp   Density conductivity of composite (kg/m3) 

npk         Thermal conductivity of nanoparticles (W/m K) 

.p wk   Thermal conductivity of paraffin wax (W/m K) 

compk   Thermal conductivity of composite (W/m K) 

nppC   Specific heat capacity conductivity of nanoparticles (kJ/kg K) 

0.213

0.2135

0.214

0.2145

0.215

0.2155

0.216

0.2165

[2] [3] [7] [17] Present
work
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(W

/m
.K

)

Pervious studies

020007-9



.p wpC   Specific heat capacity conductivity of paraffin wax (kJ/kg K) 

comppC   Specific heat capacity conductivity of composite (kJ/kg K) 

comp   Viscosity of composite (kg/m s) 

.p w   Viscosity of paraffin wax (kg/m s)  
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